consequently the tone produced by it, is altered, and sometimes ceases altogether.
6. A common poker, heated and placed on a lead block, vibrates, producing deep tones also in the key of E major.
7. By balancing the bar in a horizontal position on a narrow lead block, rounded on the part upon which the bar rests, the vibration is displayed much more distinctly; the handle of the bar moves vertically, and the part resting on the block laterally also.
8. A rod 10 or more inches long, flattened in the centre to prevent it slipping, with a ball at each end, when placed across a heated vibrating bar, and increasing the motion, renders, by the length of its arms, the lateral movements much more conspicuous.
9. The longer the rod is, the slower are the movements of the heated bar, but its oscillations are so much the greater.
10. A thick ring of copper, 5 inches in diameter, when heated and hung on a lead bar, vibrates backwards and forwards ; and when laid on a narrow block of lead, upwards and downwards.
11. The heated bars vibrated on a piece of thin sheet-lead, either placed loosely or soldered on a block of hard metal, and on a lead block burnished with gold-leaf.
12. The vibration continues in the exhausted receiver of an air-pump.
IS. The brass bar, after being heated in boiling water vibrated when placed on the lead. 14. A copper bar vibrated when heated and placed on cylinders of brass, or of an alloy of copper with an edge xV^h of an inch in thickness; also on the bottom of a copper box about \\ inch in diameter, and slightly cupped out, leaving a ridge all round, on which the bar rested.
15. The same effect was produced on the bottom of a glass tumbler, but these effects are frequently difficult to be obtained.
16. The bars vibrate best when placed on blocks of lead with the surfaces somewhat rough. Both metals should be also kept clean, and free from oxidation, which impairs the vibration. 17. A short bar of heated copper was placed on an iron block rounded on the surface, and being nicely balanced on the centre of the rounded part, showed the vertical motion.
18. When the blocks have acquired nearly the same temperature as the bars, the sound and motion cease.
19. I could not perceive the slightest vibration when the heated bar was placed on a small block of platina.
20. Vibration is prevented by rubbing the surface of the lead block with mercury, oil, plaster of Paris, or by oil-gilding ; and also if a piece of thin writing paper be interposed between the bar and the block.
21. Air blown with a pair of bellows on the heated bar when vibrating, does not affect the tremors.
22. By means of a frigorific mixture, I cooled the lead block to 8° F., and placed on it a brass bar at the temperature of the air in the room, but no vibration took place.
23. I have not observed any vibration of the heated bars when laid on solid blocks, either rough or smooth, of copper, zinc, antimony, brass, marble, plaster of Paris, or clay, or on lead with a piece of sheet-brass soldered on it, although I have tried bars and blocks of different sizes and shapes.
24. Bars made of pewter, tin, or lead, heated and placed on the cool blocks of either the soft or hard metals above named, do not vibrate.
45. A cool bar of lead, placed on a heated block of brass or copper, vibrates.
26. A block of lead, laid on the flat upper bar of a heated grate, shows the vibrations, accompanied with sound.
27. The heated bar was placed upon a block of copper, in which a number of holes, | t h of an inch in diameter, and ^th of an inch deep, were drilled, but no vibration took place.
28. If the heated bar be ground smooth on the resting part, and the block of lead be also very smooth, no vibration takes place.
29. If a hard-metal bar be placed on a thick lead cylinder, or on a lead block, with the end overhanging, and a spirit-lamp under it, it soon becomes sufficiently heated to produce both vibration and sound, which I have kept up for an hour and a half.
20. The shape of the bars and blocks is of little consequence, as the hard metal of almost any form vibrates when heated and placed on a lead block.
31. If thin bars of metal be employed, sound is often produced though the tremors are not visible.
From the above related experiments, it appears,-1st, That, in order to produce the vibrations, two different metals must be employed, the one soft and possessed of moderate conducting power, viz. lead or tin, the other hard ; and they take place whether soft metal be employed for the bar or block, provided the soft metal be cold, and the hard metal heated.
2d, That the difference of temperature between the bar and the block must be considerable, though the exact amount has not been rigidly determined; it has succeeded with a difference of 170°.
3d, That the surface of the block shall have a certain degree of unevenness, for when rendered quite smooth, the vibration does not take place; but the bar cannot be too smooth.
4th, That the interposition of any matter prevents vibration, with the exception of a burnish of gold-leaf, the thickness of which cannot amount to the two hundred thousandth part of an inch.
5th, That the air has no share in the production of the vibratory movements, however much its presence is essential to the production of sound.
The cause of the vibrations is by no means obvious. I shall take the liberty of mentioning those speculations or hypothetical views which have presented themselves, though with diffidence and brevity.
1st, As the atmospherical air is thrown into currents when unequally warmed, it may be supposed that the hot bar induces such statical movements, as prove sufficient to occasion its vibrations.
I need not attempt, however, to explain in what manner the currents of air could produce the tremors, seeing that, by Experiment 12, &c. it is proved that the air has no concern in the vibratory operation.
2d, As the thermo-electric experiments and discoveries of late years have shown, that when different metals in contact with each other, differ considerably in their temperature, they acquire and exhibit opposite states of electrization, it may be supposed that as soon as the heated bar is laid upon the cold block, the electric equilibrium is disturbed, and that the metals assume the positive and negative conditions. A series and succession of electric attractions and repulsions may be conceived then to commence, which by frequent and rapid repetition cause the commencement and continuance of the tremors.
Sd, A third hypothesis, and which appears to me the most probable, ascribes the vibratory movements to the usual mechanical changes which caloric occasions in passing from one substance into another: I mean the expansion and contraction which accompany alternations of temperature. It is shown by several of the experiments above recorded, that one of the two metals must be a soft one, as lead or tin. Both of them possess in a smaller degree the power of conducting caloric than the harder or more elastic metals which were used for the bars.
It also appeared, that some degree of roughness of surface of the lead block is essential to the success of the operation. This slight asperity arises of course from numberless points or ridges projecting from the solid mass of metal.
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When the heated bar is laid upon the leaden block, the caloric passes into these prominences; and as their power of conduction is not great, it does not rapidly diffuse itself through the rest of the mass; of course, they instantly expand and elongate, and by that sudden elongation they give an impulse to the incumbent bar. Soon, however, the caloric moves into the adjoining mass and the prominences contract, and at the same time come into a state ready to admit a renewed accession of caloric from the bar; they receive that caloric ; again expand, and give a second impulse to the bar. This goes on incessantly; and though the first impulse be infinitely small, and altogether inadequate to produce any sensible movement of the bar, yet, by incessant repetition, an accumulation of effect takes place, and the movements gradually reach a magnitude sufficient to become easily discernible.
As soon as the bar and block arrive within a certain limit of difference of temperature, the impulses become feebler and feebler ; and at length the bar comes to rest.
It has been mentioned, that the smoother the bar is, so much greater is the effect. I conceive that this smoothness operates by increasing the celerity with which the surface possessed of it communicates the caloric to the projecting points of the block, and thereby the elongation which gives the impulse to the bar is increased both in quickness and extent.
It is obvious, that had the bar any considerable degree of asperity, the points of contact between the two metals would be fewer, and the passage of the caloric between them more tardy.
When the surface of the block is highly polished, the experiment does not succeed; no tremors occur. This result proceeds probably from the circumstance, that the caloric enters into every part of the surface of the block equally, and is more quickly diffused through the mass, and hence there are none of those partial and sudden expansions which give the tremorcausing impulses.
When the bar lies with a flat surface upon the block, the movement of course takes place in a vertical position only ; but when the bevelled face of the bar is presented to the block, and the bar rests on the longitudinal ridge, then, along with the vertical, the transverse vibration also occurs, and communicates the rocking movement.
This rocking may be induced by two causes; either by some slight inequality in the weight of the portions of the bar on the two sides of the ridge, or some difference in the condition of the surface of that part of the block which the ridge of the bar touches.
1st, If the first mentioned inequality exist, as soon as the bar receives an upward heave, the greater weight of the one side will cause it to incline to that side, and as soon as that heave ceases, and the contraction succeeds, the bar approaches its original position, but will not remain in it, for the inclination given to the preponderating side will, on its return, of course, cause the bar to incline to the opposite side.
The impulses which the bar receives in this position from the renewed expansion and elongation, will not only renew the upward heave, but also give it a shove to the preponderating side, and thus increase the lateral movement, which, like the vertical, though altogether insensible at first, by incessant frequent repetition accumulates and increases till the rocking becomes conspicuous, and is rendered much more so by the transverse rod.
9.d, If there exist any difference in point of asperity, in the condition of the surface of that part of the block upon which the ridge of the bar rests, it must necessarily follow, that the impulse given to the bar on that side which is the most rough, will be greater than on the other, and consequently the upward heave will be so modified as to create an inclination to one side. The bar thus thrown off its balance to the right on ascending, will incline as far to the left on descending, and there receiving the expansive impulse, it will be driven back, and thus the principle of rocking will be created.
With regard to the sound, which constitutes the second portion of the remarkable phenomenon, the following remarks have presented themselves. It seems indispensable to its production that there be an uneven surface, along which a current of air may pass between the bar and block: this roughness may exist either in the block or in the ridge of the bar.
The manner in which the sonorous undulations of the air, which, reaching the internal ear, cause the sensation of sound, may be occasioned, is not very manifest.
By attending to the usual modes in which acoustic aerial pulses are produced, we may perhaps be able to assign the one which proves the source of the sound in our experiment.
The first mode is, when an elastic substance, thrown into vibration by an impulse given to it, communicates the tremor to the ambient air, as when a bell, or a simple musical instrument, for instance the stoccado, is struck.
The second is, when the sonorous tremor is acquired by the air passing through one or more apertures varying in size, and with varying degrees of force and velocity. I consider the animal voice of this description ; for though some physiologists maintain that the voice is produced in the third mode, immediately to be mentioned, I am disposed to think, that the sound, and all its modulations, depend upon the form and condition of the aperture of the glottis, and of the passage through which the expired air passes. For though the numerous cartilages, and more especially the arytenoid, may be considered as vibratory bo-dies, yet the very soft mucous texture which covers them appears to be intended for the very purpose of preventing or extinguishing any tremor which might arise. Could we suppose a flute, or any wind-instrument, constructed of inelastic earthenware, we should have a perfect source of that aerial vibration to which I am now alluding, and such I conceive the organs of the animal voice to be.
Thirdly, When air, anyhow thrown into tremors, impinges upon an elastic solid, and throws it into vibration, the tremors of the solid body are in their turn communicated to the air in contact, and the sonorous pulses may be considered as a complex modification, resulting from the intermixture or semi-combination of the two sets of tremors.
The acoustic tremors of ordinary wind-instruments are of this description. They are finely illustrated by the wild iEolian tremulous notes emitted by the cylindrical glass-tube in which a very slender jet of hydrogen gas is made to burn ; also by the very loud notes issuing from the gas-lamp furnace now employed in chemical experiments, when a chimney eight or ten inches high is placed upon them.
These three are the more common methods of exciting sound-causing pulses ; but, in our experiment, the source of the sonorous undulations of the air appears to be different. In it we have a solid thrown into vibration by the peculiar mode of the passage of caloric from one mass of metal into another, and necessarily occasioning tremors in the contiguous air; and we have, at the same time, the air in undulatory movement, induced by flowing in a current through the channels afforded by the roughness of the block or bar; but to produce a soniferous undulation, neither of these singly is sufficient. It is the combination which causes the result.
This appears to me to be demonstrated by the facts, 1st,
